Introduction {#Sec1}
============

Yet another emerging disease is threatening to take a foothold on the global populace. This novel disease entity, termed Severe Acute Respiratory Syndrome (SARS), is an atypical pneumonia that is likely to have originated in the Guangdong province of Southern China in the fall of 2002.^[@CR1],[@CR2]^ As of August 2003 more than 8,400 SARS cases and 916 deaths have been reported worldwide from 32 countries.^[@CR3]^ The brunt of the disease has thus far been borne by the East, especially China (including Hong Kong) and Singapore whilst the West, except for Canada, still remains relatively unscathed with only sporadic infections brought home by travellers to affected areas. During this period the UK had a total of four probable cases, one of which had a confirmed exposure to the SARS coronavirus. All four had fully recovered and there was no secondary spread.^[@CR4]^ The World Health Organisation (WHO) has announced recently that the peak period of the outbreak is likely to have passed and the associated dwindling in the morbidity and mortality rates is a testimony to this. In countries like the UK the risk of SARS is therefore assessed to be low. However, WHO has asked all countries to remain vigilant. The Health Protection Agency (HPA) of the UK also advised that the situation in the UK may have to be re-assessed if SARS does re-emerge.^[@CR5]^ And indeed a confirmed case of SARS coronavirus infection was reported in Singapore as recently as September 2003 although the infection was transmitted through laboratory contamination and not via the community.^[@CR6]^Box 1 HPA definitions^[@CR5]^

We provide in Part I of this paper a brief account of the epidemiology, virology and clinical features of SARS, the general infection control measures and public health concerns. Part II will provide a detailed account of infection control measures that may be applied in the general dental practice, especially in the SARS-affected areas. There is a virtual explosion of knowledge on SARS, the virus, the clinical features of the disease and its prevention. Hence the readers are urged to keep current by periodic referral to the websites at the Health Protection Agency of the UK (<http://www.hpa.org.uk/infections/topics_az/SARS/>), Centres for Disease Control and Prevention, USA (<http://www.cdc.gov/ncidod/sars/>) and the World Health Organization (<http://www.who.int/en/>).

The disease and virology {#Sec2}
========================

SARS is rapidly progressive and highly infectious. Although less contagious than influenza it is much more so than other circulating viruses such as the human immunodeficiency virus. In fact SARS is the first severe and readily transmissible new disease to emerge in the twenty-first century. Most SARS infections occur after close exposure to the index case as in household contacts but casual social contact may transmit the disease on occasions. The spread amongst front line healthcare workers (HCWs) has been one of the most disconcerting aspects of SARS. Currently, one quarter to one third infected are unsuspecting HCWs who fought to save the lives of patients without adequate barrier protection.^[@CR1],[@CR7]^ International travel through major transportation hubs such as Hong Kong and Singapore has facilitated the spread of the disease to all corners of the globe within a short time span.^[@CR1],[@CR8]^Box 2 Koch\'s postulates

HPA definitions are given in Box 1

The viral aetiology {#Sec3}
===================

The disease is caused by a coronavirus now termed the SARS coronavirus (SARS-CoV) ^[@CR9],[@CR10]^, a strain not previously seen in humans ([Fig. 1](#Fig1){ref-type="fig"}). Its unique genetic composition has led to its categorisation into a separate group, for instance from those that cause common cold in humans and other, animal coronaviruses (eg murine and avian). Structurally, it is an enveloped, single stranded RNA (80-100 nm) virus covered by spike-like projections, resembling a crown, when viewed electron microscopically, hence its name.^[@CR11]^ Although the genome organization of SARS-CoV is similar to that of other coronaviruses, they are not closely related.^[@CR12]^Figure 1Transmission electron micrograph of the SARS-CoV grown in fetal Rhesus kidney 4 (FRHK) cells showing a secretory vesicle containing numerous 70-100nm virus particles (Courtesy Dr John Nicholls, Department of Pathology, University of Hong Kong, Hong Kong)Box 3 Definitions of RT-PCR, ELISA test and IFA

In one study RNA from the SARS-CoV was found in half of the nasopharyngeal specimens from SARS patients but in no specimens from 40 patients with other respiratory illnesses.^[@CR13]^ Rising antibody titres to the virus were noted in all 32 SARS patients from whom second serum specimens were obtained. Viral RNA was found in 10 of 18 faecal samples from SARS patients. Further, a SARS-like disease has been reproduced in monkeys through inoculation of the SARS-CoV.^[@CR10]^ Thus all of Koch\'s postulates (*see* Box 2) have been fulfilled with regard to the viral aetiology of SARS. Finally, and remarkably, within a short period of 3 months, the entire viral genome has been sequenced and is freely available for scientific use through the worldwide web.

Mode of transmission {#Sec4}
====================

The major transmission mode of SARS-CoV appears to be through droplet spread with other minor subsidiary modes of transmission such as close contact, fomite (an inanimate object which, when contaminated with a pathogen, can transfer the pathogen to a host) or even faecal contamination.^[@CR1],[@CR7],[@CR14],[@CR15]^ Airborne transmission has not been ruled out.^[@CR16]^Box 4 Community infection control measures^[@CR33],[@CR34]^

Signs and Symptoms ^[@CR1],[@CR2],[@CR7],[@CR17]^ {#Sec5}
=================================================

There is an incubation period of usually 2-10 days. The first symptoms are fever (\> 38°C) in 100% of patients and malaise (in 70%) followed by non-productive cough (in nearly 100%) and dyspnoea (in 80%). Chills, rigors, headache, malaise, diarrhoea and myalgia are common whilst rhinorrhoea and sore throats are uncommon (in fewer than 25%).

Radiological signs may be seen at the onset of fever and chest radiographs reveal consolidation that progressively increases in size, predominantly in the lower lung fields; pleural effusions are absent. Lung biopsy reveals interstitial inflammation. Oxygen saturation is reduced in some one half of patients. Laboratory testing reveals leukopaenia, lymhocytopaenia and thrombocytopaenia.

Diagnosis and treatment {#Sec6}
=======================

Specialist laboratories eg the Health Protection Agency (HPA) National Influenza Reference Laboratory at Colindale perform diagnostic tests which detect the virus (cell culture and reverse transcriptase polymerase chain reaction, RT-PCR) or antibody (immuno fluorescent antibody and ELISA: enzyme-linked immunosorbent assays) (*see* Box 3 for diagnostic test definitions).^[@CR18]^ However, the duration of detectable viraemia or viral shedding is unknown, leading to false negative results when samples are not taken at the right time. Moreover, the collection of nasopharyngeal aspirate (the specimen of choice) induces reflex actions from the patients that generate aerosols, that exposes the attending HCW to a high risk of infection.^[@CR19]^

Paired serology, ie seroconversion, obtained on day 1 and \> 21 days after onset of symptoms, is considered by WHO and HPA to be the diagnostic gold standard^[@CR20]^ but it is only useful for confirmation of the diagnosis (or exclusion of the diagnosis if negative) and not for screening purposes. Diagnosis is thus based on clinical findings, epidemiology and exclusion from other pneumonias and is confirmed by a positive seroconversion.^[@CR21],[@CR22]^ There is no definitive treatment and empirical regimes differ amongst countries and may include the use of antibiotics, anti-virals and steroids.^[@CR1],[@CR23],[@CR24]^ Severe cases require mechanical ventilation in intensive care units.^[@CR1],[@CR7]^ Several groups have reported uncontrolled trials of antiviral (ribavirin) and steroids, the efficacy of which has not been resolved as yet. According to some, delay in treatment beyond a window period of first 8 days of symptom onset is associated with worse prognosis. Fatality rate ranges from below 1% in persons under 24 years of age to more than 50% in persons over 65 years; The median fatality rate is 13%.^[@CR25]^

Until reliable diagnostic tests, vaccine and medications^[@CR15],[@CR26]^ are available, surveillance for possible SARS as recommended by HPA^[@CR5]^ and control of the epidemic depends on early identification and isolation of carriers (symptomatic or asymptomatic), effective infection control and public health measures.

Case definitions {#Sec7}
================

The case definitions provided by HPA^[@CR5]^ are in line with the WHO definitions:

Clinical case definition {#Sec8}
------------------------

A severe respiratory illness with a history of fever ≥ 38°C:

**and** symptom(s) of lower respiratory tract illness (cough, difficulty breathing, shortness of breath)

**and** radiographic evidence consistent with pneumonia or respiratory distress syndrome (RDS)

**and** no alternative diagnosis to explain the illness.

Possible case {#Sec9}
-------------

A person fulfilling the clinical case definitions **and** who, within 10 days of onset of illness, has a history of travel to an area classified by WHO as a potential zone of re-emergence of SARS

**or**

two or more healthcare workers/staff/patients/visitors in (or linked to) the same facility developing symptoms within the same 10-day period.

Probable case {#Sec10}
-------------

A possible case with preliminary laboratory evidence of SARS-CoV infections based on a single positive antibody test or PCR for SARS-CoV

Confirmed case {#Sec11}
--------------

A possible case with confirmed laboratory findings based on repeat positive PCR findings or seroconversion by ELISA or IFA.

Identification of such cases should be immediately reported to local and national health authorities eg Health Protection Agency, Communicable Disease Surveillance Centre in the UK.

Infection control and public health measures {#Sec12}
============================================

The mainstay of preventing SARS-CoV infection in community and clinical settings is to institute appropriate infection control measures.

We review below, in this context, the available infection control measures and the possible modification of these in view of the SARS outbreak. Some of the guidelines described in Part 2 of this paper are modifications that we had adopted at the time of the SARS crisis. Hence the implementation of these is necessarily dictated by the disease prevalence and proximity in various geographic areas, and should be flexibly exercised.

Universal and Standard Precautions {#Sec13}
==================================

In 1985, the Centres for Disease Control and Prevention (CDC) introduced the concept of universal precautions whereby human blood and certain body fluids (eg saliva) are treated as if infective for bloodborne pathogens. Because carriers of some infections may not be readily identifiable the same infection control procedure is universally applied to all patients.^[@CR27]^ The philosophy, recommendations and protocols are detailed elsewhere.^[@CR28],[@CR29],[@CR30]^

In brief, these include measures to protect:Healthcare workers from contracting the disease from the patient directly (eg screening, the use of personal protection, immunization) or indirectly (eg frequent hand washing, barrier technique).Patients from cross-infection eg strict instrument sterilisation and storage protocols, barrier technique, and delineation of work areas.Laboratory personnel by proper disinfections of all laboratory items and the proper handling of biopsy specimens.Immunocompromised patients who are more susceptible to infections and are particularly at risks from pathogens in the dental unit waterline.General public by proper disposal of clinical waste.

Standard precautions {#Sec14}
--------------------

The concept of standard precautions, introduced by the CDC in 1996, incorporates all the features of universal precautions against bloodborne pathogens (eg HIV, hepatitis viruses). In addition it aims to prevent the transmission of airborne and epidemiologically important pathogens such as tuberculosis. As the SARS-CoV appears mainly to spread through the airborne route the prevention of contact and inhalation of infectious droplet or air-borne particles and the use of standard precautions is more appropriate.^[@CR31],[@CR32]^ This is in agreement with guidelines from the HPA, UK which recommended that infection control measures against SARS be based on those taken against respiratory infections such as tuberculosis and influenza.^[@CR33]^

The community infection control measures are listed in Box 4. Detailed community infection control guidelines given by HPA are available at <http://www.hpa.org.uk/infections/topics_az/SARS/primarycare.htm>

Conclusion {#Sec15}
==========

The newly emerged SARS-CoV caused significant morbidity and mortality in a relatively short period of time especially in the Asian region. Researchers worldwide are striving hard to unravel the mystery of its virology including the reservoirs of infection, pathology, modes of spread and finally an effective vaccine. A definitive screening and treatment protocol for the infection is yet to be determined. Until then the public healthcare workers including the dental professional must rely on preventive measures, particularly screening and astute infection control in the event of its possible re-emergence.

The implications of SARS for the general dental practitioners will be discussed in the second part of this paper.
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